Climate change is already affecting many of the world's ecosystems with far-reaching impacts. In this special issue, contributors focus on the current and projected impacts of climate change across different geographical regions of Oceania (Australia, Pacific Islands and New Zealand). In this synthesis, we examine how climate change is affecting the three main realms: terrestrial, freshwater (broadly including estuarine and inland saline systems) and marine. Within this context, we also examine general strategies for climate adaptation including reducing other threats (e.g., habitat loss and degradation), expanding protected areas, increasing connectivity, restoring habitat and translocations. We show that many of these general strategies will not overcome all the threats caused by climate change and specific solutions are likely to be necessary. Beyond the implementation of these strategies, there are significant future challenges which will hamper effective adaptation that need to be overcome by the scientific community. Our current understanding of the impacts of climate change on biodiversity remains poor; this is particularly true for poor nations in the region. There is also considerable uncertainty in forecasts of climate change, particularly at the local scale, and this uncertainty impacts pro-active planning. This makes effective implementation particularly challenging. Considerable focus is needed into ecosystem-based adaptation where local communities are integrally involved, allied with more active and accountable management of conservation, through adaptive management processes. The world is experiencing far reaching and long-term changes to ecosystems with major impacts on human communities, particularly in relation to ecosystem services. Our ability to develop effective adaptation strategies from the broad scale policy (e.g., emissions control) to local scale management (e.g., building resilience in ecosystems) will be significantly tested but the world is in an important period and scientists and practitioners need to keep trying different approaches and reporting their successes and failures to the wider community.
INTRODUCTION
THERE is increasing evidence that not only is the world warming but the process is primarily due to anthropogenic impacts, with potentially devastating ramifications for ecosystems and human communities. Beyond the work of the International Panel for Climate Change (IPCC 2007) , peak independent scientific bodies (the Academies of Science) in the United Kingdom (The Royal Society 2005) , United States (National Academy of Sciences 2011), New Zealand (The Royal Society of New Zealand 2008) and Australia (Australian Academy of Science 2010), representing each of the countries' best scientists, have unequivocally summarized the evidence for anthropogenic induced climate change and its consequences for ecosystems and our communities. There are three critical scientific issues: (i) the evidence for climate change and whether it is driven by humans; (ii) the consequences of these changes on ecosystems and human communities; and, (iii) how ecosystems and their species and functions can adapt to the inevitable changes. We briefly examine the first issue in this introduction but devote the rest of this synthesis to the latter two issues, particularly as they apply to Oceania, a region encompassing Australia, New Zealand and the Pacific Islands (Melanesia, Micronesia, Polynesia; Fig. 1 ).
Climatic processes are complex and affected by global and regional climatic features (Prowse and Brook 2011) . Understanding human-forced climate change is necessarily a product of examining earth's history and future projections, based on understanding the drivers of climate change, particularly greenhouse gases. A common misperception clouding much of the public debate is the argument that current changes in climate reflect natural processes over millennia, rather than any human impact (Pearson 2011) . Critically, the rate of climate change marks the difference between natural climatic processes and exacerbation by human actions (Prowse and Brook 2011) . Climate change is natural and integral to earth's history, shaping ecosystems, processes and species' distributions and abundances. In the past, temperatures were sometimes much higher than today but almost all such climate changes were gradual over millennia, except during transitions out of glacial troughs (Taylor 1999) . Global surface temperatures have risen about 0.7°C since the pre-industrial values, although with considerable variation (Steffen et al. 2009 ). Current projections of climate change are unprecedented since the last massive extinction event 60 million years ago, with a further warming of at least 0.4°C, whatever future policies are implemented, and a high probability of warming of more than 2°C over the next century (Steffen et al. 2009) . A second important difference relates to the magnitude of our current warming event and its relationship to biodiversity. While all extant species have survived past climate change events, the palaeoecological record shows most of the last 800 000 years was considerably cooler than today and so selection pressures for cold tolerance are likely much stronger than for heattolerance (Corlett 2011 ). Species will be exposed to climate changes of a rate and magnitude seldom previously experienced, with direct consequences for ecosystem assemblage and the services they provide to humanity .
Oceania, with its many small islands, is already one of the more vulnerable regions of the world to human impacts, a place where the consequences of climate change are all too apparent. Climate change is already acutely affecting Oceania. In this special issue, contributors review our current understanding for the impacts of anthropogenic climate change on biodiversity throughout Oceania, from the perspective of geographical regions, Australia (Prowse and Brook 2011) , New Zealand (Lundquist et al. 2011) and Pacific Islands (Duffy 2011) and also the main realms: terrestrial (Wardell-Johnson et al. 2011) , marine (Grantham et al. 2011) and freshwater (Jenkins et al. 2011) . Within each of these regions and realms, authors also discuss possible adaptations to anthropogenic climate change that limit impacts on the conservation of biodiversity. One manuscript also focuses explicitly on possibly one of the more drastic adaptation measures: the translocation of animals (Burbidge et al. 2011) .
In our synthesis, we overview the broad impacts climate change will have on biodiversity in different regions and realms in Oceania, identified by the different papers in the special issue. We then summarize and expand upon the key recommendations for adaptations, identified by the authors that will help species and ecosystems adapt to climate change. We then conclude with a summary of the major challenges facing the community and ecosystems in our region, including the role of science in what is the most challenging period for not only our species but the rest of the world's ecosystems.
CLIMATE CHANGE IMPACTS ON BIODIVERSITY
The seven papers in this special issue highlight many examples of how climate change impacts biodiversity (Table 1) . These impacts can be divided into discrete acute impacts, principally extreme weather related events (e.g., storms, droughts, fires, extreme rainfall events), and continuous chronic impacts, such as gradual increases in mean temperatures, decreases in seasonal rainfall and rises in sea level, occurring over decades. There is some uncertainty about even the gradual chronic impacts, as possibilities exist for abrupt climate shifts, affecting ecosystem states, such as past changes in ocean circulation. Fundamental changes in the basic physical and chemical environment underpinning all life will occur, especially those that rely on carbon dioxide concentrations, temperature, precipitation and acidity; these make such impacts unlike other threats such as land clearing and introduced species (Steffen et al. 2009 ). The interactions and consequences of climate change on biodiversity are multidimensional and defy simple two dimensional illustrations although it is possible to represent some of the likely impacts on the three major broad realms, terrestrial, marine and freshwater in Oceania (Table 1 ; Fig. 2 ).
Terrestrial
There are many different ways in which terrestrial ecosystems are impacted by climate change (Table 1 ; Fig. 2 ; Steffen et al. 2009; Wardell-Johnson et al. 2011) : changes in rainfall, increases in temperature and CO 2 and sea level rise (Table 1 ). There is considerable uncertainty in the magnitude and rate of the change and consequent impacts, given little knowledge of the resilience of ecosystems and their species to these rapid changes. This is further complicated by the synergistic effects of other threats (Steffen et al. 2009) (Welbergen et al. 2008) and extreme weather events have also caused mass mortality events for Carnaby's Black Cockatoo Calyptorhynchus latirostris (Saunders et al. 2011) . Also, the green ringtail possum Pseudochirops archeri and other species in Australian tropical rainforests are intolerant to high temperatures (Williams et al. 2003) . When ecosystems are considered, tolerances to increasing temperatures are likely to be particularly adverse for alpine and tropical montane forests (Lundquist et al. 2011; WardellJohnson et al. 2011) .
Rainfall patterns are highly variable across Oceania, with some regions receiving significantly more rainfall than others (Prowse and Brook 2011; Lundquist et al. 2011) . The consequences for terrestrial ecosystems will be highly dependent on the direction of movement in rainfall patterns, not only the magnitude but also the variability. Increased annual or seasonal rainfall may increase the productivity of some communities whereas increased drying will reorder biotic communities, promoting dominance Table 1 . continued Freshwater by species that can survive dry periods, although extreme droughts may be the ultimate determinant of community composition. Importantly, it may not be the chronic effect of increased drying but one acute period of drought which changes a community, potentially to an alternate state. For example, many ecosystems were severely affected by the recent dry period, the "Big Dry" (Prowse and Brook 2011) in Australia and the death of large swathes of jarrah forests Eucalyptus marginata may be due to drying (Wardell-Johnson et al. 2011) . The drying of vegetation communities may shift terrestrial ecosystems from a tree dominated landscape to a grassland community, increasing the likelihood of fires which may also be hotter in regions because of increased fuel loads (Lundquist et al. 2011; Wardell-Johnson et al. 2011) .
Changes in rainfall and temperature will also affect processes such as growth, flowering, germination and recruitment, shifting patterns towards winter periods and poleward for many species ( Fig. 2 ; Table 1 ). Such climate patterns are already affecting migration patterns of species of birds (Beaumont et al. 2006) . Terrestrial ecosystems are projected to significantly change as a result of these effects, with inevitable changes for dependent processes and organisms (Wardell-Johnson et al. 2011) . These are unlikely to be offset by increases in carbon dioxide which favour plant productivity because of other limiting factors such as water availability (Prowse and Brook 2011; WardellJohnson et al. 2011) . Sea level rise is likely to affect terrestrial communities close to the coast, exposed to increased salinity, inundation and storm surges (Table 1) .
Marine
Global sea levels rose at a rate of 1.8 mm yr since (Steffen et al. 2009 ). The impacts of climate change on marine ecosystems are reasonably well known, particularly in relation to sea level rise, rising temperatures and acidification (Table 1; Fig. 2 ; Grantham et al. 2011) . In Oceania, many small low lying islands are already affected by impacts of sea level rise (Duffy 2011; Grantham et al. 2011) . Breeding colonies for seabirds and turtles may be particularly vulnerable (Duffy 2011) . Not all communities will be adversely affected with increasing sea levels likely to favour fast growing species over slow growing species (e.g., corals, Table 1 ). The effects of sea level rise will also severely impact estuarine communities, particularly those unable to migrate because of human infrastructure or elevation (Table 1; Duffy 2011; Grantham et al. 2011; al. 2011). Such impacts will be exacerbated by projected storm surges, affecting coastal communities.
Increasing temperature is particularly serious for coral reefs, potentially affecting whole food webs ( Fig. 2; Table 1 ; Grantham et al. 2011) . It is one of the most serious and well-known consequences of global climate change (Hughes et al. 2003) . Less understood are the ramifications of increasing temperatures for cold-adapted species such as kelp species (Lundquist et al. 2011) . Ocean acidification may even be of greater concern, affecting entire food webs because it attacks the fundamental ability of organisms to calcify, an essential build block of many life forms. Entire ecosystems (e.g., seamounts) may be also affected (Table 1 ; Fig.  2 ; Lundquist et al. 2011) . Not all impacts are likely to be negative with increasing temperatures in southerly latitudes and increasing carbon dioxide favouring increased productivity of phytoplankton and marine vegetation (Table 1) .
Freshwater
The impacts of climate change on freshwater ecosystems are not particularly well known or understood (Steffen et al. 2009 ). In this synthesis, freshwater is a used broadly and includes estuarine and inland saline systems. There are already considerable pressures on the freshwater ecosystems of the world from river regulation and diversion of water affecting the resilience of ecosystems (Vörösmarty et al. 2010) and climate change is likely to further impact freshwater ecosystems in Oceania, particularly those already affected by river regulation and water resource development (Kingsford 2011; Jenkins et al. 2011) . Increasing water scarcity for increasing human populations (Kingsford et al. 2009 ) will mean that more freshwater ecosystems are likely to be exploited for human requirements to satisfy basic needs of health and drinking water. There will also be considerable pressure on water resource exploitation for agricultural production within the region to meet global food and fibre markets that depend on irrigation development.
Temperatures rises will likely force extinctions of some cold-adapted species that live in alpine streams (Jenkins et al. 2011) . The combination of rising temperatures and reductions in rainfall in many regions will affect the seasonality of river flows with increasingly earlier snow melts and reductions in run-off. The recent extended dry period in the Murray-Darling Basin of Australia was considerably more severe than previous dry periods because of the relatively low run-off (Prowse and Brook 2011) which will reduce the amount of water for downstream ecosystems, further impacting on their viability . The drying of many river systems will place considerable increased pressures on aquatic ecosystems and refugia that are critical for recovery and colonization of aquatic biota during flood periods (Table 1; Fig.  2 ). Coastal wetlands are particularly vulnerable from sea level rise where there is no opportunity to move inland because of elevation or human infrastructure development (Duffy 2011; Grantham et al. 2011; Lundquist et al. 2011 ). This will also impact on water quality as sea water migrates upstream into river systems whose freshwater flows are already depleted by water resource development .
CLIMATE CHANGE ADAPTATION FOR BIODIVERSITY
The seven papers in this special issue identified different broad adaptation strategies for conserving biodiversity in a changing climate, relevant to the five biogeographic areas of Oceania. These strategies are aimed at overcoming some of the threats to climate change (Fig. 2) . Importantly, these strategies are aimed at making species and ecosystems resilient to climate change so they can adapt and continue to function, albeit potentially differently or promoting change (Table 2) . Planners need to be cognizant of the achievability of some of these objectives, considering the long-term consequences of climate change.
Reducing other threats
As well as climate change impacts, other factors threaten biodiversity in Oceania, including habitat loss and degradation, invasive species, overharvesting, pollution and disease (Kingsford et al. 2009 ). Such non-climate related threats reduce the ability of a population or ecosystem to respond or absorb new impacts, including climate change (Mackey et al. 2008) . The most obvious way to increase resilience or allow resistance for an ecosystem is to reduce or remove effects of non-climate-related threats. There are some clear imperatives, outlined in the literature and this special issue (Table 2) .
Halting or reversing habitat loss and degradation in all realms should be a priority. It includes stopping unsustainable land clearing and logging of native forests, preventing further loss and fragmentation of core habitats and migration corridors (Soulé et al. 2004; WardellJohnson et al. 2011) . Destruction of marine ecosystems needs to cease, particularly use of cyanide, explosives and bottom trawling (Kingsford et al. 2009 ). Freshwater habitats are in severe decline with the development of water 276 PACIFIC CONSERVATION BIOLOGY resources significantly contributing to this problem, exacerbated by climate change (Kingsford 2011) . Halting further large scale impoundment and diversion of water therefore needs to be a priority (Mackey et al. 2008) . Invasive species have had the most devastating impact on biodiversity in Oceania (Kingsford et al. 2009; Evans et al. 2011 ) and controlling and stopping invasive weed and animal pests needs to be a priority . Pollution affects all realms but particularly freshwater and marine systems. Stopping pollution of sensitive ecosystems such as coral reefs (Duffy 2011; Grantham et al. 2011) and particularly plastics and discarded fishing gear remain an important focus (Kingsford et al. 2009 ). Overharvesting also remains a severe problem in Oceania, particular over fishing (Kingsford et al. 2009; Grantham et al. 2011) and policies need to aim at achieving sustainable harvesting rates.
Expanding protected area networks
Protected areas are one of the best ways to conserve biodiversity (Taylor et al. 2011) , with most papers in this special issue recommending expansion of the reserve networks as a climate adaptation strategy. Two fundamental conservation objectives underpin this strategy. Replication of habitats in the reserve system protects multiple source-populations across the environmental gradients occupied by species and it also builds habitat redundancy, providing more spatial opportunities for species and communities to persist. Reserves allow species to redistribute, tracking impacts of climate change on their niche and potentially allowing viable populations to exist across natural ranges. They also maximize intra-species genetic diversity, allowing local adaptation and phenotypic plasticity (Mackey et al., 2008) . A corollary of this strategy is to increase the size of existing reserves, adding buffers around existing reserves, and increasing the number of large reserves (e.g., Watson et al. 2009; Duffy 2011; Grantham et al. 2011) .
Climate change will challenge the ability of the current reserve network to protect biodiversity when the climate shifts so much that plants and animals no longer thrive in their niches, protected by current reserves (e.g., Grantham et al. 2011) . Simply increasing the number and size of reserves may not be sufficient if reserves are not in the right places. One approach that overcomes this entails locating reserves so that they capture the most habitat heterogeneity, current and future, under any climate scenario; such areas would cover diverse topographic, edaphic, and hydrologic conditions (Halpin 1997) . Placing large, long reserves across biotic transition zones such as ecotones may protect that transition, with climate change shifts in ecosystems (Lawlor, 2009) .
Increasing connectivity
Reserve networks alone will not adequately maintain ecosystems and species, with increasing climate change, because reserves are often too small or in the wrong place to adequately allow for movement of species and ecosystems. In the past, species could move with large landscape scale change, even across continents, as climates changed (Mackey et al. 2008 ) but today, fragmentation of habitats through anthropogenic impacts have dramatically altered the earth's surface. Agricultural lands, roads, dams and water diversions, urban areas, and residential development stop movement (e.g., Lundquist et al., 2011) . There is an increasing imperative to increase connectivity among protected areas to enhance movement in a changing climate (Mackey et al. 2008 Lawler 2009; Watson et al. 2011; Wyborn 2011) . First, this could be done with small "stepping stone" reserves between larger protected areas that allow movement. This approach may connect groups of species more than speciesspecific corridors but such small reserves will always be limited to a small range of environmental conditions, only providing habitat for small groups of species. The second approach is to manage the lands or waters between protected areas to allow most species to move through these spaces (Recher 2004 ). There are potentially large exciting connectivity projects under consideration in the regions. For example, the Great Eastern Ranges project aims to connect public and private lands along 2,800 km of the Great Dividing Range running north to south near the coast of eastern Australia ).
Restoring habitat
Many studies have highlighted the need to restore functioning ecosystems to mitigate impacts of climate change (Mackey et al. 2008 , 2009 ). This will increase resilience for ecosystems and species but climate-induced changes in hydrology, disturbance regimes, and species' distributions will make restoration goals moving targets, challenging restoration paradigms. For example, one of the more important restoration efforts in Australia is to increase flows to the rivers of the Murray-Darling Basin and yet the preliminary document, the Murray-Darling Basin Guide (MDBA 2010), only factored in a three percent drying estimate in spite of acknowledging that the projected median drying impact under a 2030 climate scenario was 10%. Many uncertainties exist around future climate projections, ecological impacts, species-specific responses, and so it is unlikely that our predictions will be sufficiently accurate for specific restoration actions that climate-proof landscapes. To overcome this, some suggest shifting the focus from trying to restore historic conditions and specific species assemblages to ecological processes (Soulé et al. 2004; Harris et al. 2006) . This is because ecosystems can be managed more flexibly as species' assemblages change with changing climates, but maintaining ecosystem functioning.
Translocations
The last resort for some species may be to move them to prevent extinction (Bartlein et al. 1997; Honnay et al. 2002) . Such species often have limited dispersal abilities and occupy small isolated ranges where tracking shifting habitats is impossible should their niche be lost. Various frameworks recommend when to move species (Hoegh Guldberg et al. 2008; Burbidge et al. 2011; MacDonald Madden 2011) with these frameworks determining the risk of extinction or population decline under future projected climates and the technical likelihood of success including establishment needs to be assessed. If translocation is possible, the benefits of a translocation need to outweigh the potential ecological and socioeconomic costs.
Climate adaptations for terrestrial, marine and freshwater realms
There are specific climate related threats to biodiversity across the three major realms (Table  1 ) and here we focus on some examples of specific activities that can be conducted in the three main realms (Table 2) .
Terrestrial ecosystems
Buffering protected areas from threatening processes originating off-reserve and ensuring "connectivity" between protected areas is critical in the terrestrial realm. "Connectivity" in fragmented landscapes used to be almost entirely focused on the spatial arrangement of different types of habitat patches in the landscape and assessing ways to connect them (Tischendorf et al. 2003) . However, "functional connectivity" has gained currency as the preferred concept, aiming to protect the spatially dependent biological, ecological and evolutionary processes within a landscape to ensure persistence of biodiversity (Crooks and Sanjayan 2006; Mackey et al. 2009 ). Examples include maintenance of ecologically functional populations of highly interactive species in the landscape (i.e. trophic regulators), protecting habitat requirements of dispersive fauna, and ensuring existence of natural disturbance (e.g., fire, flow regimes) (Soulé et al. 2004; Mackey et al. 2007 ).
This new type of connectivity approach demands more active management of disturbance regimes. For example, restoring ecologically appropriate fire regimes (Soulé et al. 2004) will reduce fuel loads, and reduce the risk of catastrophic fire (Driscoll et al. 2010a,b) . A second example is developing large continental scale habitat corridors that connect protected areas via restoration across important topographical and climatological gradients, which will ensure the protection of important water ways . A third, controversial example is the suggestion to re-introduce the dingo Canis lupus dingo into some Australia landscapes (Visser et al. 2009 ). Australia's largest terrestrial extant predator is thought to maintain ecosystem function through top-down trophic regulation and the maintenance of this function may be important to ensuring the long-term ecological resilience of the system (Soulé et al. 2004) .
Freshwater systems
Freshwater systems are expected to experience changes in temperature, flow, evaporation rates, water quality, and species composition, with climate change (Kingsford 2011; Finlayson et al. in press), with functional changes to ecosystems (Fig. 2) . Wetlands, particularly those dependent on precipitation, are likely to be some of the most susceptible to climate change of all aquatic systems (Winter 2000; Jenkins et al. 2011 ). Increased evaporation rates and changes in temperature will result in reduced dissolved oxygen concentrations and changes in species composition and shift species' distributions. Some specialist cold temperature species may not survive (Jenkins et al. 2011) . Riparian restoration could reduce stream temperatures and create cool water refugia and these projects would also connect terrestrial systems. Protecting headwaters and identifying and protecting existing thermal refugia will also enhance the ability of cold-water fish and other biota to persist as temperatures rise (Hansen et al. 2003) . Refugia in arid freshwater ecosystems should be protected from water resource development as these are often the only freshwater sites in the landscape where obligate species can survive (Bunn et al. 2006) .
Management actions can deal with increases and decreases in flows (Lawlor 2009; Kingsford 2011) . Some of these include channel reconfiguration, dam removal and management, floodplain restoration, dam-based flow management, and bank stabilization (Pittock and Hartmann 2011) . For example, creating wetlands and off-channel basins for water storage during times of extreme flows may prevent excess water from reaching reservoirs and reduce downstream flows (Palmer 2008) . The 278 PACIFIC CONSERVATION BIOLOGY removal of sediment from reservoirs may also increase water storage capacity in the short term and water releases from dams and transporting fish may be necessary short-term solutions in times of drought or extreme low flows (Palmer 2008) . Reducing water extraction will be also be a key, although controversial, approach to maintaining flows but is well underway in Australia, in the Murray-Darling Basin. Protection of free flowing rivers from development remains a high priority for ensuring resilience of freshwater systems (Kingsford 2011; Pittock and Finlayson 2011) . Australia has interstate agreements to protect all of the flows in rivers of the Lake Eyre Basin for example from water resource development. Similarly the last freeflowing river in the Murray-Darling Basin, the Paroo River, is protected by an interstate agreement protecting flows of water throughout its catchment. Ultimately, there is a need to manage freshwater ecosystems much more actively, given that this often involves tracking the use and efficacy of environmental flows, employing adaptive management processes .
Marine systems
As in freshwater and terrestrial systems, species' movements, phenological shifts, and physiological effects of climate change significantly affect marine systems (Fig. 2) . Marine species and systems face an additional challenge as increased CO 2 concentrations continue to acidify the oceans (Duffy 2011; Grantham et al. 2011; Lundquist et al. 2011 ; Table 1 ). Specific adaptation strategies may reduce loss of corals including reduction of synergistic stressors such as high irradiance (Hansen et al. 2003) . This may be possible through shading and water disruption (with sprinklers) during periods of elevated water temperatures. Also, there may be resistant and resilient coral populations, less susceptible to increased temperatures (McClelland et al. 2010) that could be used to recolonize damaged reefs, included those bleached. Such adaptations are likely to be limited in scale because of prohibitive cost. To mitigate the impacts of sea level rise on key nesting sites, there is even a suggestion that artificial breeding sites can be established using old ships (Duffy 2011) . In some parts of Oceania, seawalls will be raised to protect human communities and some estuarine, freshwater and terrestrial ecosystems will benefit. This is likely to be costly.
CHALLENGES
This synthesis attempts to identify the impacts climate change on biodiversity in Oceania and relevant adaptation actions. Some actions and policies are underway to help species and ecosystems adapt to climate change but there are clear challenges. These include uncertainty of forecasts, variability of climate impacts, and limited understanding of climate change impacts on biodiversity. A final limitation is ensuring implementation of climate adaptation plans. We outline some solutions to these challenges.
Forecasting impacts of climate change
The physics of global warming are well known and understood by most: more greenhouse gases in the atmosphere lead to radiative forcing that warms the Earth. Predictive power is poor for how this process affects terrestrial, marine and freshwater ecosystems at different scales, essential for effective conservation action. There is significant variability in relevant downscaled forecasts from different global circulation models (GCMs) which must form the basis for adaptation planning for climate change impacts on biodiversity (Wiens and Bachelet 2010) . Regional variation in temperature and precipitation is sensitive to fine-scale topographic features that affect weather patterns (e.g., mountain ranges) as well as large-scale climate features (e.g., El Niño-Southern Oscillation), some of which are not well understand and therefore poorly captured by the GCMs on which current projections are based (Prowse and Brook 2011) . The lack of information on future climates in different regions of Oceania considerably hampers climate change adaptation planning (Duffy 2011) , a challenge only overcome through increased understanding and improved model performance, particularly in relation to local impacts. This may not be achieved for years or decades. Consequently, the only way to overcome this is to embrace uncertaintyconservation managers must become comfortable undertaking conservation actions within realms of uncertainty ). Doing nothing is not an option.
Climate variability
The impacts of climate change are not simply those of average temperature increase or sea level rise; the extremes may be far more important. Climate variability has become the point of contentious argument about the evidence for long-term anthropogenic induced climate change (Prowse and Brooks 2011) . This confusion has hampered conservation planning. Conservation biologists need to move away from planning framework that aims at managing simple long-term changes in mean climate variables (e.g., temperature increases or decreases in seasonal rainfall occurring over many years or decades) to one that takes into account changes in the extremes. There is Table 2 . Some threats posed by climate change by realm (see Fig. 1 . Such critical exercises will often depend on a thorough understanding of species' threshold responses to climate events, currently relatively unexplored in the climatebiodiversity literature (Corlett 2011) .
Understanding impacts of climate change on biodiversity
Most papers in this special issue have identified key, direct threats that climate change poses to biodiversity (e.g., sea-level rise, the impacts of severe droughts or storms), but many less obvious impacts affect ecosystems around the globe. Key abiotic characteristics, the basic building blocks of a species' fundamental niche (e.g., temperature, rainfall, cloud formation, rates of evaporation, evapotranspiration) will change and affect distribution and abundance of many species in unknown ways. Some of the impacts are known, including alterations to the length of the growing season, changes to the timing of seasonal events (e.g., phenology), and stratification period in lakes (Parmeson and Yohe 2003; Root et al. 2006) but the these impacts of climate change are hard to predict, requiring detailed knowledge of a species' ecology, rare for 99.9% of species (Whittaker et al. 2005) . For example, in an analysis of the impacts of climate change on 20 conservation sites, climate induced 90 different specific stresses on biodiversity (Geyer et al. 2011) . At the species level, apart from a few well-known charismatic species, the knowledge base is particularly low.
Relatively little is known of species' persistence when confronted by climate change, particularly given the current extinction crisis. Global species extinctions currently exceed the background rate by several orders of magnitude, described as the worst ever by the most recent International Union for Conservation of Nature (IUCN) Red List, with at least 38% of all known species facing extinction (Vie et al. 2009 ). Methods need to be developed quickly that allow assessment of the impacts of climate change on particular species and relative importance of climate change, compared to other drivers of extinction. Once the relative importance of threats is identified, well targeted adaptation measures may be implemented.
Currently, most broad adaptation strategies for climate change seldom focus at the species level where ecological forecasting is needed to identify the most effective ways of protecting biodiversity (Hannah et al. 2007 ). Climateenvelope models are a useful approach (Pearson and Dawson 2003) for assessing how well reserves or reserve networks protect species under different climate-change scenarios (Araujo et al. 2004 ) and resilience of reserve networks to climate change (Williams et al. 2005; Hannah et al. 2007) . Relatively simple climate envelope models leave out many factors known to be more important than climate in controlling species distributions (e.g., human activities, interactions with other species, random events) because they often do not have the data. Further, climate envelope models also almost exclusively focus on exposure to climate change without incorporating other aspects of vulnerability, such as acclimation, interspecific interactions, dispersal limitations and adaptive capacity (Corlett 2011; Dawson et al. 2011; Rowland et al. 2011) . Vulnerability of a species to climate change may be more effectively assessed by integrating mechanistic, empirical and observation methodologies . Each provides useful information on exposure, sensitivity, and adaptive capacity, and integration of these approaches provides a more robust basis for vulnerability assessment and allocation of resources for conservation and adaptation. This framework overcomes shortfalls of climate envelope models, encompassing a more thorough approach to assessing climate vulnerability and adaptation options. Given both the uncertainty in projected future climates and the uncertainty inherent in most relevant ecological forecasting approaches, use of these models need to incorporate meaningful uncertainty .
Implementing adaptation and adaptive management
Implementation of adaptation involves societal intervention to manage systems based on the knowledge that environments will change with climate, where actions reduce risks from the change, particularly within vulnerable systems. This is rarely achieved when conservation planning is conducted. The linkages between the impacts and responses of people and biodiversity to climate change are strong, requiring "ecosystem based adaptation" (EBA) frameworks that use biodiversity and ecosystem services as part of an overall adaptation strategy to help people to adapt to adverse effects of climate change ( see Grantham et al. 2011) . Such EBA approaches need to build clear objectives for conservation of biodiversity. Such approaches can account for the role of eco-system services in human adaptation, helping people adapt in equitable and participatory ways that avoid short-term costs but reduce long-term additional pressures on natural systems, on which people depend. We believe that while in its infancy, the tenets of EBA can be integrated into the mitigating impacts of climate change (Fig. 2) and be used to find optimum solutions to balance the needs of both humans and biodiversity.
As well, there is a need for much more accountable adaptive management of ecosystems (Keith et al. 2011) where there are specific conservation objectives that underpin broad goals and these objectives are measured to determine if they are met . Considerable lip service is paid to adaptive management (Keith et al. 2011) ; most governments aspire to manage terrestrial, marine and freshwater ecosystems adaptively. Unfortunately, there is often relatively little assessment of management success. Monitoring of conservation outcomes lags in resources and even some of the more significant restoration efforts fail to adequately provide resources to determine likelihood of success. For example, one of Australia's largest scale ecological rehabilitation efforts is to restore the ecosystems of the Murray-Darling Basin, the focus of $A12.8 billion spent on buying back environmental water and improving efficiency of irrigation works. And yet, no monitoring programme with resources underpins this considerable government investment. Without such investment, there will be little way to assess whether the investment has achieved its objectives. The classic learning by doing is a mantra seldom realized for many ecosystems. There are some exceptions around the world, advocating and demonstrating structured learning for conservation management (see Roux and Foxcroft 2011) . Measuring the success or otherwise of our adaptations will provide much needed knowledge about responses of organisms to climate change and other threats and guide future efforts that are more cost effective.
CONCLUSION
Human induced climate change is happening, already altering species and ecosystems from the poles to the tropics. Current greenhouse gas emissions commit the Earth to substantial climate change for decades or centuries to come, regardless of mitigation efforts. This change is happening faster than originally expected and faster than most ecosystems have previously experienced. Cumulatively, Oceania generates less than 0.01% of world CO 2 emissions (Boden et al. 2008) but will continue to be on the frontline of experiencing the consequences of global climate change. The potential for the loss of biodiversity, termination of evolutionary potential, and disruption of ecological services is significant. Averting deleterious consequences for biodiversity will require immediate action, as well as strategic conservation planning and management for decades. Climate change will also have severe impacts on low-lying Pacific Islands and their human communities and economies (Duffy 2011) . High level policy, particularly global reduction in carbon emissions is an essential first. New Zealand has an established carbon trading scheme and Australia is due to implement reductions in carbon through a carbon tax in 2012 but more is needed beyond these rudimentary efforts.
In this synthesis, we have identified the broad impacts and different specific strategies used to overcome the challenge presented by climate change but these strategies have to be within the context of pervasive threats driving the biodiversity extinction crisis. The world must deal with the new reality that climate change presents, and abandon the current focus on the preservation and restoration of 20th century reference conditions, as they will no longer be relevant in a changing world. Structured climate change planning needs to consider not just how species will be affected by climate, but also how humans are going to be affected and what management options may be implemented. To be successful, conservation planning and action must involve local communities. Many species will become extinct because of the direct and indirect consequences of climate change unless conservation researchers, policy-makers and managers develop pro-active planning frameworks within a new, more dynamic conservation paradigm.
